Introduction
Electrochemotherapy (ECT) has been developed at the Institute Gustave Roussy to improve the delivery of non-permeant chemotherapeutic agents into cells. ECT is based on the application of voltage pulses after the chemotherapy drug administration. Pulses allow the cell reversible membrane permeabilization and increase cellular drug uptake [49] .
The procedure has been standardized in Europe and is currently performed according to a shared clinical protocol [42, 50] . To date, ECT indications comprise superficially metastatic melanoma and breast cancer chest wall recurrence, but also unresectable skin tumors and cutaneous metastases from other histotypes [6, 7] . Recently, ECT has shown encouraging results also in the treatment for soft tissue sarcomas (STS) [8, 44, 47] ; this class of tumors has also been treated by means of irreversible electroporation in animals [51] . From the pathologist point of view, these tumors represent a heterogeneous group of cancers since they may occur in different tissues such as muscles, fibrous, or adipose tissue. Accordingly and depending on the specific STS subtype, they are composed of a different amount of adipose, fibrous, muscle, or nerve tissue.
The membrane permeabilization depends on the electric field intensity [13, 68] . Since the electrical properties of a tumor depend on tissue characteristics (e.g., fat or muscle) and vary after the application of electroporation pulses [12, 14, 22, 32, 39, 57, 58, 62, 67] , it is of interest to evaluate the electrical properties of tumor masses grown in different tissue types. Electrical resistivity of biological tissues has been investigated by several research groups [21, 22, 23, 46, 61] also in irreversible electroporation field [3, 24, 25, 54] . Gabriel et al. have proposed one of the most complete data set of electrical properties of healthy human tissues between 10 Hz and 20 GHz [21, 57, 68] , and some related databases are available in the web as [2, 30] or as the more recent [28] . Data about tumor tissue characteristics after electroporation are limited [14, 15, 26, 32, 39, 57, 62] . Nevertheless, the electrical properties vary during the application of voltage pulses due to the cell membrane modification caused by the applied electric field is not negligible. Tissue resistivity decreases after electroporation, and this effect is more pronounced with increasing number of voltage pulses and electric field intensity [37, 40, 47, 57 67] . The decrease in resistivity is due to the formation of some aqueous pores on cell membrane. The presence of aqueous pores increases the number of ions that cross the membrane. Moreover, electric field intensity thresholds at which reversible and irreversible electroporation occurs depend also on tissue type [19, 24, 25, 64] . Moreover, recent works show that cell tissue characteristics (e.g., shape and size) as well as the matrix in which they are immersed can influence electroporation of the cell membrane [10, 33, 55, 56, 66] .
The currently applied standard operative procedures for ECT, i.e., electric field intensity and frequency and number of voltage pulses, were derived from the superficial tumors such as melanoma and other skin tumors [42, 50] .
The working hypothesis of this study is that, given a fixed geometry electrode and a fixed sequence of voltage pulses with the same intensity, the tumor tissue from different STS histotypes has not the same electrical resistance. In fact, some research groups have found that reversible electroporation of cell membrane is related to the tissue type [48] . Accordingly, the behavior of different STS was studied after the application of a sequence of voltage pulses. The aim of this research was to evaluate the suitability of ECT for soft tissue tumors and, at the same time, the possibility of adapting voltage delivery (i.e., amplitude and number of pulses) according to the specific tumor histotype. In future, in order to customize ECT treatment for different STS, the electric field intensity could be tuned to allow tissue electroporation and ultimately treatment efficacy.
Methods
Considering the same operative conditions including the use of the same electrode geometry, voltage pulses with the same frequency and amplitude, and the same clinical ECT procedure, this study has shown that different tumor types have different resistance values.
Patients and protocol
Thirty-one resected STS at the Melanoma and Sarcoma Unity of the Veneto Institute of Oncology have been analyzed in accordance with the Ex vivo study on Soft Tissue Tumours Electrical characteristics (ESTTE) protocol [9] . The protocol has been previously approved by the local ethical committee. Each tumor mass has been analyzed in terms of electrical properties using a rectangular voltage pulse sequence generated by Cliniporator EPS02, a clinical ECT equipment, manufactured by Igea S.p.A, Carpi (MO), Italy [31] . The study has been conducted ex vivo and included patients with STS of a least 3 cm in size. Enrolled patients were managed according to the following steps [9] :
1. Preoperative radiological images. 2. Radical surgical excision with adequate resection margins (up to 0.5 cm of surrounding tissue in case of aggressive tumors). 3. Before pulse application, the surgical specimen was carefully handled, and tumor-surrounding tissue was removed and any blood wiped away. 4. Few minutes after excision and before sending the specimen for histopathological evaluation, a 7-needle, 20-mm-long (needle diameter 0.7 mm) electrode was inserted in the tumor mass, taking care that the needles were completely within tumor tissue (Cliniporator EPS02 with electrode N20HG
[31] (Fig. 1a) . 5. Application of a sequence of 96 voltage pulses, as prescribed by the standard protocol for the 7-needle electrodes [2, 28, 30, 31, 42, 50] , without any concomitant chemotherapy. 6. Recording of the voltage and current values from the software of the pulse generator. 7. Application of a suture stitch (Fig. 1b) to the tumor tissue in the area of electrode application. 8. Steps from 3 to 7 were repeated for different tumor regions if there was evidence of tissue inhomogeneity from preoperative radiological imaging. 9. Standard histopathological evaluation of the tumor mass, including the volume of electrode insertion and pulse application.
A group of 31 tumor masses from living patients have been examined in this study. The major axis of the excised mass varies between 3 and 24 cm, since the treated volume is the same in all cases, a cylinder about 20 mm diameter, 20 mm length (a cylinder of about 4 cm). The excised tumor characteristics are listed in Table 1 .
Instrumentation: voltage and current pulses
During ECT, the electric field is produced by means of a set of needle electrodes inserted in the tumor tissue. The electrodes are composed of seven needles in a hexagonal configuration, mounted on a rigid support. The needles (diameter 0.7 mm) are equispaced in a regular hexagonal shape positioned at a distance of 7.3 mm and are 20 mm long (N20HG electrode). The pulse generator supplies each needle pair with a voltage difference of 730 V as deliverable by the Cliniporator EPS02 using the standard procedure [50] . With the used equipment, the voltage amplitude is not adjustable by the operator as well as the frequency is fixed to 5 kHz in order to avoid muscle stimulation [45, 63] . Higher frequency values are used in irreversible electroporation and ultrashort pulses used to the long-duration nanopores on nucleus membrane [3] [4] [5] 29] . The voltage and corresponding current values are collected by means of the ECT device.
According to the specifications of the manufacturer, considering the 7-needle electrode, the voltage difference is applied in turn at each of the couple of needles according to the ECT standard protocol [31, 50] implemented in the clinical device, Cliniporator EPS02, for a total of 96 pulses at 5 kHz applied between the 12 possible needle pairs: the eight voltage pulses at each needle pair are realized by two sequences of four consecutive pulses applied in two different and not sequential time instants. For the first time, the electrode 1 is supplied with the positive voltage and the electrode 2 with zero voltage, whereas for the second time, the electrode 2 is supplied with the positive voltage. Moreover, when a two-needle pair is energized, there are no pulses between other needle pairs. In practice, the 12 needle pairs have been energized one by one. The 12-pair sequence is repeated two times by inverting the voltage of the electrodes. The sequence of the pairs is imposed by Cliniporator EPS02 control software. Then, for each electrode pairs, two resistance values are considered. These data are coherent with the values measured at the ends of electrodes by means of voltage and current probes. An experiment carried out to verify the coherence of the values acquired by the pulse generator with the real one applied to the tissue is described in supplemental material.
The voltage is a square wave and is represented discarding the zero-voltage points. In Fig. 2b , a group of four pulses correspond to pulses applied to a pair of needles. Different electrode pairs are activated using a not-repeating sequence. It is noted that in each pulse delivery, the applied voltage is the same, but the maximum value of the current can change since the electrical resistance between the needles can be different. These differences in the current amplitude might be hypothesized; it is due to tissue inhomogeneity. The inhomogeneity of the tissue has to be evaluated.
Computation methods: electrical model for resistance evaluation
In general, a segment of biological tissue in which a couple of metallic parallel needles is implanted can be represented as an electric circuit with a resistance R t and a capacitance C connected in parallel supplied by a pulse generator, V g (Fig. 2a) . Figure 2b shows the current resulting from an applied squarewave voltage as a function of the time [15, 35, 55, 65] . To compute the circuit resistance, the voltage and current are evaluated when the voltage is maximum, that is, in general, a constant value when a steady-state condition is reached, Fig. 2c . In fact, when the voltage and current are almost constant, the circuit in Fig. 2a behaves as a steadystate network. In practice, for each pulse, the automatic routine computes the resistance when voltage samples assume a constant value by analyzing the time derivative of the measured voltage. Finally, the resistance value R t is computed as the ratio between the voltage and current value corresponding to the constant part of the voltage signals (Fig. 2c ).
Voltage and current are recorded by sampling the correspondent continuous waves (120 samples per pulse with sampling period of 1 µs at a frequency of 1 MHz). For each pulse, the resistance of the steady-state circuit is computed selecting the N samples for which the voltage assumes its maximum value and is constant, V i , then takes the corresponding current samples, I i , (Fig. 2c) , and finally, for the j-th pulse, the average resistance, R av , is computed: and the average current, I av ,:
Since the electroporation effect is improved by applying more pulses, for each group of 4 pulses only, the last pulse was considered for the analysis [32, 34, 39, 57, 62, 67] . Then, for a sequence of 96 pulses, only 24 resistance values (two values for each 12 electrode pairs that correspond to 12 different areas in the treated volume) were taken into account for the evaluation. Finally, the average of the 24 resistance and current values of the k-th treated tumor region, R t,k , (with its standard deviation), with
Pathological analysis
The pathological analysis was performed both on the target volume and on the remaining mass according to the WHO classification of tumors of soft tissue and bone [71] . Tissue samples were fixed in 10 % buffered formalin, embedded in paraffin, and stained with hematoxylin and eosin (H&E). In some cases, immunohistochemical staining and/or molecular analysis by fluorescent in situ hybridization were also performed to confirm the diagnoses have been performed. Histological images were captured using Aperio ScanScope type CS (AperioTechnologies, Inc., USA).
Statistical analysis
The null hypothesis that the average resistance of different histotypes, suitable grouped, is comparable has been evaluated using the T test (heteroscedastic at two tails).
Results
Tumor tissues have been analyzed in terms of electrical resistance using (1) Resistance values reported for each tumor are referred to the same volume and the same geometry of the electrode. In this experiment, the resistivity of the tissue cannot be evaluated, but only its variation as a function of tissue type can be hypothesized.
Intratumor variability
For each of the 96-pulse sequence, the 24 resistances (two values for each electrode pairs) computed by means of (1) have been considered. Figure 3 shows the 24 resistance values derived from a 96-pulse sequence for the case MC06 that is a lipoma appeared in a buttock. This sequence is divided into two subsequences of 12 values named as "sequence of voltage pulses from electrode 1 to electrode 2" ("sequence from 1 to 2") and "sequence of voltage pulses from electrode 2 to electrode 1" ("sequence from 2 to 1"). Figure 3a , b represents the resistance values as a function of the position of each electrode pair in the area of the 7-needle electrode for the sequence "from 1 to 2" and "from 2 to 1," respectively. From Fig. 3 , it is possible to evidence the electrode pairs for which a difference on resistance value exists. Figure 3c resumes the shown resistance data: In the MC06 case, the resistance is close to 750 Ω for six electrode pairs for both the sequences, whereas for other needle pairs, the resistance is higher or lower than 750 Ω. This fact can be due to local inhomogeneity of tissue. Nevertheless, the maximum percentage difference with respect to the average value is close to 10 % (percentage value computed as difference in the maximum or minimum value with respect to the average resistance). In the examined case, the electrical current varies between 0.87 and 1.12 A.
Inter-tumor variability
The resistance values of each analyzed tumors are resumed in Table 2 in terms of average values of the cases with a specific histotype, R h . The analytical values for all patients are in appendix in Table 5 . In Table 2 , the minimum and maximum and standard deviation of resistance values are referred to the maximum, minimum, and standard deviation of the resistance and current values, evaluated using, respectively, (3) and (4), for the patients in a group referred to a specific tumor histotype. Consequently, R h and I h are the average values of the resistances associated to patients with the same histological type. When only one patient per histotype is examined, any value of minimum and maximum and standard deviation is done, and only the resistance evaluated using (3) is shown.
Adipocytic tumors
In this subgroup, there were five tumors, of which four malignant (well-differentiated liposarcoma, dedifferentiated liposarcoma, myxoid liposarcoma, and myxoid liposarcoma with round cell component) and one benign (lipoma). Histological images show the feature of tumor tissue in the volume of needle insertion after pulse application. It can be noted that lipomas are the tumors with highest resistance: They are characterized by values between 800 and 1800 Ω. Instead, liposarcomas display lower resistance values, excluding well-differentiated liposarcoma cases (between 50 and 100 Ω), which represent a rather benign liposarcoma subtype. In fact, the well-differentiated liposarcoma cases have resistance values between 250 and 970 Ω; the highest value of this range is comparable with the resistance of lipoma (e.g., according to Fig. 4 , SA12 has lower resistance, but ML25 case is comparable with MC06, which is a lipoma case). Moreover, the lowest resistance evaluated in the set of well-differentiated liposarcoma cases is higher than the other sarcoma cases (comparing SA12 with MM14, LF22, RL15, BG01 and BG18). Histologically, well-differentiated liposarcomas and lipomas are similar; in fact, well-differentiated liposarcoma is also called liposarcoma "lipomalike," and these neoplasms have a low grade of malignancy. For example, the case in Fig. 4c (ML25) which has adipocytic tissue with few collagen fibers is very similar to the one in Fig. 4d (MC06) and Fig. 4e (AA31) which are lipomas.
The remaining subtypes of liposarcoma have more different histological characteristics compared to lipomas. Between other cases of well-differentiated liposarcoma, BL19 has a resistance around 620 Ω, whereas the two points where the pulses have been applied to the mass of the patient SA12 (Fig. 4a, b) have two different values of resistance around 250 and 430 Ω, respectively. In the first point of pulse application of the case SA12, the tissue is more fibrous (Fig. 4) , whereas in the other point, the tissue is more lipoma-like. In general, Fig. 4a (SA12) shows a more sclerotic tissue with respect to Fig. 4c (ML25) that is more similar to a lipoma. The other three cases of liposarcomas can be grouped by tumor type: The resistance of myxoid liposarcoma (BG18) is close to 50 Ω, one of the dedifferentiated liposarcoma (RL15 and BG01) is between 80 and 100 Ω, and finally, the one of myxoid liposarcoma with round cell component (MM14 and LF22) is close to 70 Ω. From the histological point of view, the case in Fig. 4h (MM14) shows necrosis arrows with a star muscular fibers. Images with magnification ×20 are provided for SA12, ML25, MC06, and PG13 cases, while for MM14, BG18, and RL15 cases, images with magnification ×40 have been added in order to highlight the cellular features and very different size cells, whereas the one in Fig. 4g (BG18) is composed by small oval cells with scant cytoplasm in a myxoid matrix without necrosis area. RL15 in Fig. 4i shows features of a sarcoma of high grade of malignancy with high cellularity composed by spindle cells and area of necrosis, while another area of RL15, not shown, has the features of a well-differentiated liposarcoma with adipocytic cells with sites that show multivaculated lipoblast and cytological atypia.
Finally, according to Fig. 4f and considering the case PG13 (lipoma), the two points of pulse application have different values of resistance, close to 1250 and 1750 Ω, respectively. Comparing the histological images of tumor tissue taken from the two points of electrode application, it can be noted that there are some muscular fibers in the adipose tissue that are absent in the second point of pulse application. It is therefore likely that the differences in resistance values could be ascribed to the intratumor histological inhomogeneity. In the case in Fig. 4f (PG13) , the tissue shows adipocytic tissue similarly to Fig. 4c (ML25) and Fig. 4e (AA31) .
Fibroblastic/myofibroblastic tumors
Data of fibroblastic/myofibroblastic tumors are presented in The resistance of the three cases of desmoid-type fibromatosis (GK03, VA04, and DG16) varies between 75 and 120 Ω. From the histological point of view, the case DG16 that has the highest resistance of this group presents a more fibrous matrix, whereas the case GK03 has a myxoid and collagenous stroma with little, round cells; finally, VA04 is similar to GK03.
The extrapleural solitary fibrous tumor (CL29) has a resistance close to 75 Ω. In this case, there is no necrosis but high cellularity with high vascularity (Fig. 5d) .
The resistance values associated with the four cases of myxofibrosarcoma are very different and vary between 60 and 140 Ω: The resistance of CR23 is close to 140 Ω, whereas the one of LG10, C26, and SP27 to 65 Ω. Histological images show that LG10 and SP27 (Fig. 5e , h, i) have heterogeneous features with myxoid and fibrous areas and with cellular polymorphism, whereas the tissue in Fig. 5f (CR23) is more fibrous and shows spindle, large, pleomorphic, and multinucleated neoplastic cells, and the tissue is more dense than the other cases (Fig. 5e-g ). CS26 presents a resistance lower with respect to the case CR23 (Fig. 5f ) and higher with respect to the other cases of the same group. In this last case at histological point of view, the tissue is a mixture of the ones of LG10 and CR23. Figure 6 shows the resistances computed using the (3) and their standard deviation for undifferentiated sarcoma cases. This group is formed by three malignant masses (undifferentiated epithelioid sarcoma, undifferentiated/unclassified sarcoma, and undifferentiated pleomorphic sarcoma). Histological images show the tissue features in the volume of needle insertion.
Undifferentiated sarcomas
In sarcoma cases, resistance values are between 65 and 120 Ω. The case with lower resistance is the undifferentiated epithelioid sarcoma (MM28), whereas the undifferentiated pleomorphic sarcoma (ZA17) has the higher resistance. From the histological point of view in the case MM28, there is a core of fibrosis and necrosis with a cellular rimes in the periphery of the lesion and with muscle fibers entrapped (Fig. 6c) , whereas the case ZA17 shows high cellularity and necrosis (Fig. 6a) . For cases ZA17, the voltage pulses have been applied to two different points. In terms of resistance value, the difference is not appreciable, and the same is for histological examination. Finally, the case DS34 shows sclerotic and fibrous areas with numerous cells (Fig. 6b). 
Muscle tumors
For muscle tissue tumors, resistances range from 40 to 90 Ω Fig. 6 ). In this subgroup, there are two types of malignant tumors originated from smooth muscle tissue (vascular leiomyosarcoma and pleomorphic leiomyosarcoma), one case originated from skeletal muscle tissue (rhabdomyosarcoma) and one benign tumor originated from muscle tissue (intramuscular myxoma). Histological images show tissue features within the volume of electrode insertion.
In terms of electrical resistance VE30, a case of vascular leiomyosarcoma and the two cases of pleomorphic leiomyosarcoma (RG11 and DA20) show similar resistance values, whereas TS09 shows a lower resistance with respect to malignant cases. From the histological point of view, the malignant case (Fig. 6d) presents a high cellularity with spindle, medium-size cells, and pleomorphic nucleus. The rhabdomyosarcoma case (FO32) shows the lower resistance value of the malignant cases of this group of tumors. The tissue features (Fig. 6e) show pleomorphic and multinucleated cells, with necrosis and areas of hemorrhage.
Finally, Fig. 6f (TS09) shows a benign neoplasm that is paucicellular. The tumor cells have the features of fibroblasts and myofibroblasts embedded in a myxoid matrix.
In the case of muscle cells, the variability in resistance could be correlated to tissue anisotropy [58] , but in this study, the orientation of cells with respect to electrode position cannot be determined.
Nerve sheath tumors
In Fig. 6 , nerve sheath tumor resistances range from 45 to 90 Ω. In this subgroup, one tumor is malignant (malignant peripheral nerve sheath tumor) and two are benign (neurofibroma and cellular schwannoma). Histological images show the tissue feature in the volume of needle insertion. The case of cellular schwannoma ML24, a benign tumor case, has a higher resistance value with respect to the case of malignant tumor (SP33): 90 and 75 Ω, respectively. From the histological point of view, the case in Fig. 6h  (SP33) shows small spindle cells with a lot of fibrosis, whereas in the case in Fig. 6g (ML24) , the neoplasm is heterogeneous, with small cells, high vascularity, and with fibrous and myxoid areas. Finally, the neurofibroma case (Fig. 6i) shows thick collagen fibers and small cells with round and ovoid nuclei. Table 3 reports the results of significance (T test) evaluated between the average resistance of the different tumor subgroups.
Statistical analysis
Due to the high variability of their resistance, adipocytic tumor group has been further divided into three subgroups:
A. myxoid liposarcoma with round cell component, dedifferentiated liposarcoma, and myxoid liposarcoma that have the lowest resistance; B. well-differentiated liposarcoma that have an intermediate resistance; C. lipomas that show the highest resistance. From the statistical hypothesis testing, it appears that the null hypothesis is not accepted if the group A is compared with B or C and when the group C is compared with the other groups.
Discussion
It is well known that electrical properties of tissue vary during the application of the voltage pulses, due to the appearance of aqueous pores in the cell membrane. In particular, tissue resistivity decreases after electroporation, and this effect becomes more prominent with the increasing number of voltage pulses. Considering the same operative conditions of current clinical ECT procedures (electrode, voltage pulse frequency, and amplitude), this study has shown that different tumor types have different resistance values. Such differences can be linked to the peculiar differences in the tumor matrix (e.g., the presence of muscular fibers or adipose cells) among different STS histotypes. Nevertheless, in some cases, an overlapping of resistance values between different tumors was found, likely due to some fine analogies of tumor tissue characteristics. Furthermore, in some other cases, we noticed large intratumoral differences in resistance, likely due to tumor tissue inhomogeneity.
According to the literature, the fat tissue has the highest resistivity among the biological tissues [21] . In fact, lipomatous tumors composed of a large amount of fat tissue (e.g., lipomas or well-differentiated liposarcomas) show the highest resistance values, whereas the remaining lipomatous tumors have a resistance comparable with other STS subtypes.
This work is a starting point to improve the cell membrane permeabilization using voltage pulses with suitable amplitude that can be finely tuned as a function of the peculiar characteristics of tumor tissue.
Moreover, the knowledge of electrical properties of different tissues after electroporation can help in simulation of treatments. In fact, tissue electrical properties can be also used to build realistic human models [16, 17, 20, 27, 36, 43, 44, 67, 70] of the treating area to evaluate the effect of electromagnetic fields through suitable numerical methods. In fact, in electroporation treatment planning, the intensity of electric field applied to target tissues can be evaluated numerically considering realistic tissue properties [1,11-14, 41, 43, 44,58, 59, 60, 69] both in reversible and irreversible treatments [18, 52, 53] .
The present study shows that electrical characteristics depend on sarcoma subtype (e.g., tumors derived from muscles, nerves, adipose tissue), cell density, and extracellular matrix. For instance, tumor masses with histological features of adipose tissue, with a low number of cells per cm 2 , but with a large quantity of intracellular fat, and a little or absent quantity of intercellular matrix, show a high electrical resistance. On the contrary, the remaining sarcoma subtypes (e.g., myxoid, undifferentiated, tumors appeared on muscle, or nerve sheath tissue), which display a low electrical resistivity, have a variable ratio between cells and extracellular matrix at the pathological examination. The presence of an extracellular matrix of myxoid or fibrous type reduces the electrical resistivity of the tissue, whereas in the case where the cells are well compacted in the tissue, the resistivity is increased. In order to better correlate the electrical resistance with the type of tumor, a more detailed analysis of the microscopic features is presented in order to evaluate cell size and density. In future, the correlations between the composition of the extracellular matrix and the electrical resistance will be analyzed. In recent works for other tumor histotype [38, 56, 66] , the influence of tissue characteristics on electroporation efficacy has been already studied. This study represents a preliminary evaluation of the effect of STS tissue features on electrical resistance measured at electrode ends. This is the basis for further research in the clinic in order to better tune the electric field intensity according to the different STS subtypes. In fact, our observations could be used to improve the currently applied ECT protocol when dealing with different types of STS, by increasing or decreasing the intensity of the amplitude of voltage pulses. Of course, further and more in-depth evaluations have to be conducted in order to determine the most appropriate voltages for tumors with a diffuse adipose component or with a diffuse myxoid or fibrous component.
Another open criticism to be tackled in more detail is represented by the intratumor heterogeneity, which is a well-known characteristic of cancers. In this case, the electrical resistance of the STS tissue could be related to the effective electroporation of cell membrane by means of focalized experiments [38] .
A limit of this study is related to the scarcity of the analyzed tissue. In fact, the electroporated volume, especially in case of large tumor masses, could not be representative of the whole tumor tissue.
Conclusion
In this ex vivo study, a preliminary investigation of the electrical resistance of some human STS subtypes has been performed. These results can be a first step toward a more personalized (i.e., fine-tuning of voltage intensity of pulses) ECT treatment for STS patients. Further experiments are needed to evaluate tissue characteristics before electroporation and to evaluate the electroporation threshold in terms of applied voltage and cell membrane damage. 
